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Abstract Behavioural Avoidance Tests (BATs) are commonly used for assess-
ing phobias. While easy to deploy, these tests have some practical difficulties.
For instance, therapists have to make distance estimations that are hard to
do with accuracy and objectivity; or information regarding the performance
of the patients (e.g. their walking pattern) is lost. To alleviate these difficul-
ties, a computerized tool has been developed to extract the walking pattern of
patients while approaching the phobic stimulus. From a video-recorded BAT
session, two visual representations have been explored to compactly summa-
rize the patient’s behavior: a static one (an image) and a dynamic one (an
animation). A proof-of-concept prototype has been tested with 23 therapists.
Most of the therapists preferred the animated representation, since it provides
them with a better sense of the dynamics of how the patient really behaved.
The participants agreed that this tool might be useful in assisting therapist
when assessing phobia through BATs, since diagnostics could be made in a
more accurate and objective way.
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1 Introduction
Specific phobias involve a marked and persistent fear of a specific situation
or object. These disorders, which include phobias to small animals, are very
common among the population: some years ago, it was estimated that their
prevalence in the United States was of 12.5% of the population, and it was the
third most prevalent disorder after depression and alcohol abuse [12]. Specifi-
cally in Europe, it is estimated that 22.7 million people are affected, resulting
in high costs for the governments. For example, in 2010 the total cost for the
treatment of this problem was e 19,312 million [18]. All this reflects the need
of developing inexpensive and effective assessment and treatment methods for
this problem.
The Behavioural Avoidance Test (BAT) [30] is widely used for the assess-
ment of specific phobias (e.g. to small animals) and other anxiety disorders in
an effort to provide a common and easy procedure for measuring avoidance
behaviours. In this test, the patient is asked to enter a room, and approach
the phobic stimulus as much as possible. Her/his performance is scored fol-
lowing an established protocol [30,3]. This test is regularly used as a pre-test
for assessing the avoidance and anxiety levels of the patient regarding the
phobic stimulus, and as a post-test for assessing the effects of a treatment.
Although technically simple, this test suffers from several disadvantages in
practice, mainly due to their lack of standardization [16]. On the one hand,
some items in the test, such as the self-reported patient’s anxiety and the
therapist’s own estimation, are rated subjectively. On the other hand, other
items, such as the proximity of the patient to the target phobic stimulus, can
be more objective yet difficult for the therapist to estimate or measure. Fortu-
nately, some of these measurements (mainly the proximity) can be automated,
thus bringing objectivity and standardization to the test. One particularly use-
ful technology for this purpose is computer vision. In contrast to some other
sensory modalities, the biggest advantage of visual sensors (cameras) is prob-
ably that they are unobtrusive for both the therapists and patients. Another
benefit is that computer vision-based solutions can be quite inexpensive, espe-
cially if camera equipment is already available, as it is often the case in many
psychology labs and clinics.
Very little work has been developed regarding the design of computer tech-
nologies for supporting the assessment of patients’ phobias using BAT. One
proposed computer technology consists of using slides and videos of phobic
stimuli in a computer-based BAT with the purpose of replacing the use of
in vivo stimuli [16]. Other works have used virtual reality BAT for assessing
spider phobia [17], one benefit being the experimental replicability. Other re-
ported advantages of the use of technologies are decreases in assessment time
and personnel cost, as well as better control and ecological validity [25,23].
It is worth noticing that most of the works have focused on the techno-
logical support for the treatment procedure itself. In this regard, web-based
applications [4] and virtual and augmented reality systems [19,5,2,28], have
been developed and tested and, more recently, serious games on mobiles phones
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have been explored [3]. The authors of these papers have shown that computer-
mediated therapies are effective alternatives to traditional in vivo exposure,
while usually providing privacy and bringing higher acceptance and engage-
ment of the patient in the therapy. Although these technologies may involve
higher development costs and training effort, they also provide higher effective-
ness during assessment and treatment. Therefore, once the system is complete,
this kind of tool can be used many times, thus becoming very cost-effective;
therapists would be assisted during the test itself and/or afterwards, and could
explore visually the behavioral performance or its temporal change.
Regarding computer vision systems applied to human sensing, some work
has been done in the past. For instance, facial analysis has been performed in
affective computing [27,1,15] and beauty assessment [10]. A very important
scope of visual monitoring of people is that of health care [13], which is also
the general concern of our work. Recent effort has been paid to early detection
of autism by full-body analysis [22,11], and analyzing skeleton kinematic data
from movement of children affected by Hemiplegia [21]. Parkinson and other
diseases can be recognized from gait patterns [20]. By tracking the body move-
ments, children with cognitive or physical impairments can naturally interact
with a computer system [14]. Non-verbal cues, including visual ones, can be
used for partly automating the analysis of social behaviours in small groups
such as meetings [9]. Therefore, the growing maturity of computer-vision re-
search, the non-invasive nature of these sensors, as well as the flavour of recent
work suggest the suitability and relevance of the computer vision technology,
and promise an increasing trend in their applicability to psychology.
In this paper, a computerized tool has been developed to extract the walk-
ing pattern of patients while approaching the phobic stimulus. Then, two visual
representations have been explored to compactly summarize the patient’s be-
havior. In contrast to previous works which regard the patient as the primary
user of the system, our work is novel in that it uses computer vision to assist
the therapists in phobia assessment using the BAT. This kind of tool can sim-
plify the work of therapists by providing objective measures of the distance
that the patient has walked towards the target, at which speed, and the time
spent in getting to it. As discussed above, this represents a step in improv-
ing the standardization of phobia assessment using BATs. To the best of our
knowledge, this is the first time computer vision is applied in the field of small-
animal phobia for this particular problem and these target users (therapists
rather than patients). A proof-of-concept prototype has been developed and
evaluated in a user study with 23 therapists. The purpose of the prototype
was two-fold: to evaluate its usability, utility, and acceptance for psychological
assessment, and to find new insights to inform the design of a subsequent,
improved system.
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Fig. 1 A frame of a video of a simulated (non-real patient) session in the same room where
the actual BAT sessions were recorded. The box with the green cover on the table (on the
left) represents the target and contains the live animals.
Fig. 2 The pipeline of the system, with steps numbers. See text for some details
2 System description
Along this section we will use the terms subject, target, and distance to refer to
the patient, the phobic stimulus, and the distance he/she walks, respectively.
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The main purpose of the developed system is to estimate how close to the
target phobic stimulus the subject gets or, equivalently, the distance walked
from an initial position. A rough camera position-orientation is assumed so
that, as a subject walks towards the target, her/his feet can be used as an es-
timate of the body position (an illustrative frame of a video sequence is given
in Fig. 1). To facilitate the automation of the visual processes at this proto-
type stage, some red marks were placed on the floor in the room. Briefly, the
pipeline of the system, detailed in a report [6], and overviewed in Fig. 2, is as
follows. From the input frame I, the foreground F is detected with background
subtraction [29], which is then rectified F to the ground plane via homography
estimation. Inspired by the idea of motion history [7], a 2D occupancy mapM
is built to keep track of recent positions of the subject on the ground plane.
Next, this 2D map is projected to a 1D occupancy profile P, which is further
processed and filtered to estimate the distance to the target at every frame.
The above procedure provides the actual distance d walked from the start-
ing position, and the remaining distance d′ to the target. The time t(d), in
seconds, taken to walk a distance d, is computed from the frame number f
at which d is estimated, and the video frame rate r (frames per second), as
t(d) = f/r. The estimated distance d′ and the time t(d) spent are useful mea-
sures per se, yet very crude information for the therapists’ usage. Therefore,
we looked into ways to provide some richer representation that summarize the
subject’s behaviour and can be more helpful for the therapists. For instance,
whether the subject stopped at some point can be insightful for a diagnosis,
but this information is lost if only the pair (d, t) is reported.
Following the philosophy of user-centered design [24,8], general usabil-
ity principles were considered, and potential users were regularly consulted,
mostly the third author of this paper, who is a therapist herself with experience
in conducting BAT sessions. Hence, human-readable friendly representations
were explored and, after other considerations, we decided to display the sub-
ject at some time intervals with a circle roughly representing a top view of
a person. The denser the circles are shown at a point, the slower the subject
was moving at that point (circles at different densities can be seen at the cen-
tre part in Fig. 4). We chose to draw one circle every five frames, and to use
a 5-cm resolution for the space-time scale so that a good clarity-continuity
trade-off was achieved. To improve the smoothness of these representations, a
Gaussian filtering was first applied to the d(t) signal. A drawback of using cir-
cle concentrations is that different stopping/moving times look similar to each
other and are therefore difficult to distinguish. To fix this difficulty, a separate
colour-coded space-time scale was added (it is the bar on the right-hand side
in Fig. 4). The values in this space-time scale for a given video were made
relative to the total time spent by the subject in that video. As a further help,
complementary textual time information was added next to the space-time
scale, at carefully selected time positions. After several iterations and design
decisions (a summary of which is given in Fig. 3), the final version is the one
shown in Fig. 4.
6 Vicente Castelló et al.
Time (seconds)
D
is
ta
nc
e 
(m
et
er
s)
Ü Simple distance-time plot
u Technically accurate and complete
d Interpretation of behavior not straightforward
Ü It was soon discarded
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ü Circles as top-view of patients while walking
Ü The slower the patient’s speed, the more circles
u Much more intuitive and easier to interpret
d Different stopping times produce
similar circle concentrations
Ü Additionally color coding circles by time spent was tried,
but was not convincing either
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ü Independent color scale to represent time
Ü Tradeoff choice decided for space-time granularity
for circles and scale
Ü Data smoothed for continuity and aesthetic purposes
u Relative time scale finally preferred over absolute one
d Relevant absolute times missing
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ü Text for times and distances added
Ü Different background colors and aesthetic details tested
u Information of times available
d Times from one mark to the next were missed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ü Enriched textual information
u Times between marks available
u Other details in final prototype (Fig. 4)
u Dynamic representation considered to overcome
potential limitations of the static one
Fig. 3 Some intermediate prototypes produced through iterative design and feedback from
the therapists. (This figure is better seen in color)
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Fig. 4 Final design for the visual summarization automatically built from an input video.
Red circles represent the progress of the subject towards the target. The target is represented
by the animal drawing in white at the bottom. The yellow-red bar at the right is the space-
time scale. Textual annotations are provided for the partial and final time and distance
values, as well as for the time peaks. (This figure is better seen in color)
While this “static” visual representation conveys all the information regard-
ing times and distances, we thought that an animation where the elements
appeared dynamically as time passes could be useful. We hypothesized that
despite watching this animation may require more time than watching the
static representation, this effort may pay off since a better understanding of
the events might be possible due to higher awareness of the dynamics and
the passing of time. Since it is not clear whether the static or the animated
visual representation is better than the other (both have advantages and draw-
backs), we investigated which one is most useful or preferred by the therapists.
These visual representations will be referred to as VS or VA, for the static and
animated (or dynamic) representations, respectively.
3 Experiments design
We were interested in getting feedback from therapists about the potential
benefits and limitations of the visual representations generated from the video-
recorded BAT sessions, as well as finding out whether the static or the dynamic
representation can generally be preferable.
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The participants of the study were N = 23 therapists (7 males), all of
them psychologists, aged 20–50, with different experience levels (from grad-
uate to doctorate degrees). Since one of our goals was to explore whether
the static or dynamic representation can be more helpful than the other one,
a between-subjects experiment design was chosen, and participants were ran-
domly assigned to the two experimental conditions considered, either the static
(11 therapists) or the dynamic one (12 therapists). First, a warm-up BAT test
was used where the participants watched the same video-recorded session and
filled in a conventional paper-based BAT questionnaire [30]. Then, seven sum-
marizations, each corresponding to a real case, were tested. To avoid order
effects, these cases were presented in random order to each participant.
After the warm-up test, the session consisted of three parts: an estimation
task, an opinion survey, and a final interview. The aim of the estimation task
was to compare the assessment made by the therapists with the traditional
BAT with the assessment made by the therapists using the visual representa-
tion for determining to what extent both assessment methods agreed.
The therapists were asked to evaluate, from the visual representation, the
quality of the patient’s execution for each of the seven cases. To do this,
the therapists were asked the following questions: (1) to which degree the
patient had approached or whether he/she interacted with the phobic object
(4-level proximity estimate), and (2) the patient’s fear intensity of the subject
(3 levels of fear severity). To ensure the therapists would understand the visual
representation as well as the questions and possible answers, a preview example
(we call it “Case 0”) was shown prior to the actual seven cases. They were also
asked how confident (either low, medium, or high) they were in each of their
estimations. We were well aware that this estimation task was difficult to
perform accurately since, as stated above, the current visual representation
includes only up to the moment the patients get to the last visible floor mark.
Notwithstanding this difficulty, we considered this user task useful to place
therapists in a realistic situation so that they could better judge the usefulness
(or lack thereof) of the visual representation in practical settings.
Therefore, only after completing these estimations, an opinion question-
naire was given with 10 items, each with a 5-point Likert scale. The questions
tried to capture the participant’s experience using the visual representations,
their perceived usefulness and their intuitions on their potential benefits and
challenges.
After these questions, each participant was shown an example of the visual
representation they had not used during the estimation task, and that they
actually even ignored it existed. Thus, participants under VA were shown a
VS representation, and vice versa. Then, they were asked which one they pre-
ferred. Finally, an open-ended interview was conducted to further elicit their
opinions (both positive and negative) and ideas for the improvement of the
visual representation, as well as for envisioning future use scenarios that could
inform the subsequent system design.
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Table 1 Statistics on estimations. The number of right answers for proximity (p) and
severity (s) estimations for each case in relation to the actual measures are given. The
answers are considered right according to the actual reference measurement made with the
traditional BAT.
VA VS Total
(n = 12) (n = 11) (N = 23)
Case What does the patient do? p s p s p s
1 Walks without stopping 5 7 3 6 8 13
2 Walks without stopping 3 1 1 0 4 1
3 Performs several short time stops while walk-ing 1 2 3 5 4 7
4 Stops for a long time 3 times before getting tothe last floor mark 0 0 1 0 1 0
5 Stops right before the second floor mark 12 12 11 11 23 23
6 Walks without stopping 3 9 6 6 9 15
7 Walks quickly without stopping and shows nosign of hesitation 8 9 8 5 16 14
4 Results and discussion
4.1 Estimation task
Although, as discussed above, the estimation task was not a goal in itself,
we analyzed the results nonetheless since they can provide some hints on the
potential value of the visual representations or the underlying computer data.
The results on this task are summarized in Table 1. Please, notice that al-
though these cases correspond to different patients, the description in same
cases (1, 2 and 6) is the same because their behaviour was very similar. Al-
though not surprisingly the number of correct estimations is not too high,
there are a few interesting issues. In Case 5, all therapists, regardless the vi-
sual condition they were assigned to, made the right estimation. This case was
very easy because the subject leaves the room before crossing the second floor
mark, and this behaviour could be clearly inferred from both visual represen-
tations. Case 7 was another easy one, where the subject goes forward quickly
without showing signs of fear; about 70% of the therapists guessed correctly.
In Case 4, however, all but one therapists made a “wrong” estimation. The
reason for this is that therapists understandably considered the frequent and
long subject’s stops as a sign of fear, whereas the subject eventually was able
to get to touch the plastic container. Another aspect worth noticing is that the
kind of visual representation has no clear effect on the estimation accuracy.
Participants with the static representation completed the estimation task
faster than the participants with the animated representation, as found with
a Mann-Whitney U test (U = 30.00, z = −2.21, p < 0.05, r = −0.46). A
per-case analysis reveals that the difference occurs, not surprisingly, in the
cases with lengthier animations (the longest one is about 1 minute long).
Interestingly, if the duration of the animation is subtracted from the time the
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therapists devoted to the estimation task, then no statistical difference results.
This implies that the time is actually spent in watching the animation and the
effort to make a decision is similar in both conditions. Indeed, we observed
that some therapists under VA tended to write down their estimation long
before the animation stopped playing.
We wondered whether the amount of experience as a psychologist had some
influence on any of the variables considered in the user study (e.g. times to
complete the estimation task, perceived usefulness of the visual representation,
etc.). No statistical significant difference was found, which may suggest that
the developed tool can be found useful regardless of the experience level of the
therapists.
4.2 Opinion Survey
Interesting findings emerged from the results of the qualitative survey in re-
lation to the usability of the tool. Therapists stated that the visual repre-
sentation is intuitive and easy to understand (M=4.1, SD=0.6). They also
highlighted its foreseeable usefulness in the clinic scope (M=4.0, SD=0.7), the
research scope (M=4.7, SD=0.5), and training scope (M=4.2, SD=0.9).
Although both visual representations require some time to be analysed,
therapists pointed out that this time is worth spending, compared to only
watching original video-recorded BAT session (M=4.1, SD=0.8) or to only us-
ing in vivo BAT (M=4.0, SD=0.7). Moreover, they found that this representa-
tion provides additional information which is not easily available with current
resources (M=4.4, SD=0.8). As a result, therapists agreed that this kind of
visual representation would allow them to get a more reliable diagnostic as-
sessment (M=4.1, SD=0.8) and that assessments across different therapists
would be more consistent (M=4.3, SD=0.7). Overall, the therapists would re-
ally use this kind of visual representation as a support tool in their actual job
when using BAT (M=4.5, SD=0.7).
Besides these global statistics, we were interested in finding whether the
visual representation made any difference. The only statistical difference re-
sulted in the question on the clinical utility, where therapists under VA showed
higher agreement (U = 35.50, z = −2.05, p < 0.05, r = −0.42).
4.3 Final Interview
4.3.1 Preferences
As explained previously, after the opinion survey, participants were shown the
alternative representation and asked which one they would prefer. Most thera-
pists (61%, 14/23) chose the animated visual representation as their preferred
option, regardless of whether they were assigned VA or VS during the estima-
tion task (see Table 2 for details). As nicely put by one participant, motion can
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Table 2 Frequency distribution of preferred representation
Assigned Preferred representation
condition VA VS indifferent
VA (n = 12) 7 2 3
VS (n = 11) 7 2 2
Total (N = 23) 14 4 5
just be intuited with the static representation whereas it is readily revealed by
the animated representation. Those therapists who chose VA explained that
they found the animation more useful than the static representation because
the dynamics of the patients’ movement patterns (e.g. duration of stops or
walking speed) allows them to get a better gist of the patients’ behaviour than
if just a static summary, however complete, is analysed. Only 17% (4/23) of
the therapists chose the static representation because they think it is a cost-
effective way of analysing all relevant information at a glance. The remaining
ones (22%, 5/23) did not find that one representation was particularly more
convincing than the other. These findings not only confirm our hypothesis
about the potential usefulness of the dynamic representation, but also they
are in agreement with the difference reported above on the clinical utility:
more people in the VA condition tended to consider this representation helpful
for more accurate diagnosis.
Therapists were asked whether and how they would use these visual rep-
resentation in real scenarios of clinical practice. Up to 95% of them showed
their willingness to use it since they believe the visual representation provides
relevant task information in a compact and visually meaningful way, provid-
ing accurate and useful information about times and distances. About half of
them would prefer to use the visual representation first and the recorded video
afterwards, and the other half preferred the other way around, depending on
what kind of information they would be seeking. Participant 22 (under VS)
provided one of the most interesting explanations for watching first the visual
representation: it would give the concrete details without revealing unnecessary
personal information on the subject such as gender or age; later on the original
video would help him complement information with subtleties such as gestures
to better infer nervousness, for instance. Thus, this participant seems to want
to avoid being biased in his judgement by looking at the (anonymized) rep-
resentation first. This observation relates to diminish the subjectivity of BAT
tests, which is one of the main purposes of this work.
4.3.2 Benefits and limitations
Ideas and comments therapists mentioned during the interview or that we ob-
served during any part of the study, are summarized in Table 3, where ideas
are sorted by their frequency. The benefits perceived point to the system ac-
ceptance and its utility in real clinical scenarios. Overall, therapists find that
the tool would allow them to perform their work more objectively and pro-
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ductively. Regarding the limitations, therapists tended to miss features which
were not planned at this development stage, in particular, displaying patient’s
interactions with the phobic stimulus. They also raised some representation or
visual design issues. For instance, as observed during the preview case (Case 0),
many therapists got confused on the colour-coded space-time scale. A possible
reason for this confusion is that, in this particular case, the scale had no time
annotation (since the subject did not stop for long at any moment). However,
when participants were told about the true meaning of this scale they quickly
understood it and had no problem in subsequent cases.
A few therapists made some minor design suggestions regarding the use of
alternative colours (e.g. for the circle or the background), or replacing the cir-
cles with a more human-like appearance of the subject. They generally wished
visual representations of the new features they mentioned (e.g., emotional
states might be displayed with simple, symbolic faces).
Finally, we selected a few excerpts from the interviews to provide quali-
tative perception that complement or emphasize previous ideas. Some ideas
pointed to current limitations or possible improvements,
“It always shows a rectilinear path, not the actual path of the patient”
(Participant 1, VA)
“The representation lacks information that the original video does have,
such as emotional responses or face expressions” (Participant 16, VS)
“It’s not clear how to predict the level of anxiety from the information
that the representation is conveying” (Participant 16, VS)
and some others were very encouraging:
“This tool lends itself to be used as part of an on-line phobia diagnosis
system” (Participant 19, VA)
“I find the tool extremely useful. It gives you confidence that you are
not missing any relevant detail” (Participant 23, VA)
“I’d love to have and use this tool. It’s not just another tool, it’s an
essential one” (Participant 23, VA)
5 Scope, limitations, and future work
As a research prototype, the developed system revealed to have some lim-
itations, but also significant potential. They are discussed in the following
paragraphs.
The red bars on the floor allowed us to simplify the prototype development
from the computer vision perspective without this preventing us from explor-
ing the relevant issues of our study. Similarly, this simplification does not
represent a practical insurmountable obstacle either, since it can reasonably
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be overcome with more sophisticated techniques. Interestingly, as a side effect
of the presence of these bars, we observed that some patients tended to use
them as intermediate milestones towards the greater goal of getting next to
the phobic stimulus. This observation might have some implications on the
therapy procedures that might be explored as future work.
The use of the now popular RGB+D sensors has not yet been explored be-
cause we were primarily interested in using the existing video recordings and
camera setup, and we did not need further data either. Certainly, the avail-
ability of reliable depth information and even articulated skeleton data might
prove helpful for extracting richer behavioral data which might be of clinical
relevance.
The expected real benefit of the tool. Although therapists claimed to find the
idea of the prototype useful, it might not be completely clear why it is the
case. In comparison with employing a traditional BAT, the proposed tool can
clearly provide higher objectivity, reliability, and consistency: since the dis-
tance walked by the patient is estimated automatically, the therapists are
freed from performing this estimation themselves, which brings effectiveness
(less work to be done, and getting rich output with minimum effort); relia-
bility and objectivity (the tool offers higher accuracy than the very coarse
estimation therapists might do); and consistency (with the help of the tool,
different therapists would end up with a more similar assessment of the same
or similar clinical cases; and the same therapist would also be more consis-
tent over time). Another clinical benefit is the possibility for the patient to
“visualize” his/her own behavior before and after the treatment. For example,
the patients could see (a representation of) themselves exhibiting a safer ap-
proach to the phobic object, which can reinforce the therapeutic value of the
treatment. If the tool is used (long) after the session, by the same or different
therapists, the fact of having a simple graphical representation of the patient
(such as circles representing a top view) would bring objectivity, since personal
traits of the patients (gender, age, emotional state) are concealed. As a result,
therapists can focus on the relevant variables only and avoid being biased by
other irrelevant factors.
Usage scenarios of this tool might be envisioned in the clinic, training and
research scopes, as suggested previously in the paper. The benefits in the
clinic scope has already discussed above. Yet another possibility would be to
provide a greater automation of the comparison between the pre- and post-
treatment BAT sessions, thus providing a significant help and time saving
as a decision support for the therapist. An example of the interest of this
kind of tool for training would be to easily show to Psychology trainees BAT
examples corresponding to patients with different degrees of fear, and then
discuss a series of individualized exposures for each patient.
Finally, for research purposes, the tool might be useful to explore how the
measured variables correlate with real assessment and estimations, so that
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machine learning can be used for developing a model which is useful for semi-
automatic estimation, as part of a decision support system. Many interesting
questions can be studied with the help of this tool such as whether the actual
video recording help or hinder to yield a more accurate diagnostic in compar-
ison with the visual representation generated with the proposed system.
It can also be envisioned a low-cost easy-to-install commercial kit to sup-
port either therapists or lecturers in their respective assessment and training
activities.
Adding interactivity While the dynamic representation has been generally pre-
ferred, animations may violate the second principle of good graphics, the ap-
prehension principle [26]. However, adding higher interactivity to the proposed
tool may easily overcome this limitation and provide richer analysis possibili-
ties to the therapists.
Generalization With some changes, a similar tool may be used in the assess-
ment tasks of other psychological disorders. In cases of social anxiety, a visual
representation of the patients’ peformance and related data may be useful. In
schizophrenia, it can help identify interaction patterns and monitor the evolu-
tion with the therapy. A third interesting possibility might be in some psycho-
logical treatment of children, since the proposed techniques lend themselves
to visually entertaining representations that bring some charm to children.
6 Conclusions
Behavioural Avoidance Tests (BATs) are widely known and used for assessing
phobias. However, they suffer from some practical difficulties such as the sub-
jectivity of some of its items. This issue is addressed in this work through a
computer-vision system that estimates the distances walked by the patients,
from the video-recorded BAT sessions. One static and one dynamic visual rep-
resentations, which summarize the patient’s behaviour during the session, have
been proposed as a proof-of-concept prototype which has been tested through
a user study with 23 therapists.
The feedback provided by the therapists has been positive and encouraging,
as well as informative for refinement. They found the visual representations
intuitive, and felt that a tool based on these representations would allow them
to perform the phobia diagnostics more accurately, and with higher objectivity
and productivity. The animated representation has generally been preferred
over the static one, since the perception of the dynamics of the walking be-
haviour becomes much more direct and straightforward. The participants in
the study envisioned that this kind of technology would help psychologists in
the clinical, training, and research scopes.
Acknowledgements. This work has been partly supported by Fundació Caixa-
Castelló (through grant P1-1A2010-11) and Generalitat Valenciana (through
grant PROMETEOII2014062).
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Table 3 Some (categorized) comments users did during the interview. The number of users
(out of N = 23) who made each comment is given
(a) Comment on perceived or potential benefits No. users
It provides precise information on distance and time that can be helpful in
BAT assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Draws attention on relevant or useful movement patterns that would otherwise
go unnoticed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Lends itself to objective assessment and unified criteria . . . . . . . . . . . . . . . . . . . . . 12
Allows quicker and easier comparisons between pre-test and post-test of the
same patient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Saves time and effort with respect to viewing the video-recorded session . . . . 5
Facilitates the detection of similar behaviours and their relationship with sim-
ilar avoidance levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
The representation is visually clear, simple and easily understandable . . . . . . 4
Would ease tracking the patient’s evolution by reminding at a glance sessions
long past . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Could be used as evidence to support the feedback given to patients when
following their case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Hides real identity of patient leading to unbiased assessment and higher con-
fidentiality and privacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
(b) Comment on perceived limitations or drawbacks No. users
The colour-coded time scale is misunderstood as an anxiety rank . . . . . . . . . . . 19
The actions of the patient after the last visible floor mark are missed . . . . . . . 14
The audio signal or textual descriptions of patient’s speech would be beneficial
6
Visual coding of anxiety level or other emotional states would be appreciated 4
Steps backwards or how the patient leaves the room are not captured but
would be useful hints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Circles are mistaken as actual gait steps rather than time-regular positions . 4
Non-verbal cues such as gestures and postures would be informative . . . . . . . . 4
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